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AR were searched for in OVID, Medline, and Embase data-
bases up to December 2007. Outcomes were extracted from 
original articles; when this information was not available, the 
authors of each trial were contacted. Some graphics were 
digitalized. The RevMan 5 program was used to perform the 
analysis. GradePro 3.2.2 was used to assess the quality of the 
evidence for a pediatric population.  Results:  Of 2,152 identi-
fied articles, 20 were potentially relevant trials. Eight stud-
ies satisfied the inclusion criteria and were included in the 
meta-analysis. The main reasons for exclusion were: unnatu-
ral exposure, strong study limitations, an atypical outcome 
measurement, a design for other outcomes, and not being a 
placebo-controlled, single-blind study. Seven trials investi-
gated a mixed population of adults and children, 1 trial in-
vestigated only children, and 1 trial only adults. In 1,833 pa-
tients receiving fexofenadine (1,699 placebo), a significant 
reduction of the daily reflective total symptom scores (TSS) 
(SMD –0.42; 95% CI –0.49 to –0.35, p  !  0.00001) was found. 
Positive results were also found for morning instantaneous 
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 Abstract 

  Rationale:  Evidence-based medicine represents the effort 
to highlight the best intervention for patients, clinicians, and 
policy makers, each from their respective viewpoint, to solve 
a particular health condition. According to a recently dif-
fused grading system of evidence and recommendations for 
medical interventions, efficacy and safety represent 2 of the 
most important features to consider, and data from meta-
analyses of randomized controlled clinical trials (RCTs) is
the strongest supporting demonstration. Fexofenadine has 
been used for its efficacy and safety in the treatment of al-
lergic rhinitis (AR) for many years although no meta-analyses 
supporting its use currently exist. The aim of this study is to 
assess for the first time the efficacy and safety of fexofena-
dine in the treatment of AR by means of a meta-analytic anal-
ysis of existing RCTs. Since specific evidence should be pro-
vided to address recommendations in a pediatric popula-
tion, the quality of the estimates of this subgroup analysis
is assessed.  Methods:  All double-blind, placebo-controlled 
randomized trials assessing the efficacy of fexofenadine in 
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TSS and individual nasal symptom scores (sneezing, rhinor-
rhea, itching, and congestion). The safety analysis did not 
show a significant difference in reported adverse events (AE) 
between the active and placebo treatment groups (OR = 
1.03; 95% CI 0.87–1.22, p = 0.75). A very low heterogeneity 
between the studies was detected, so a fixed-effects model 
was used. The mean quality level of the included trials was 
medium. Specific information for a pediatric population may 
be assumed with a moderate quality of evidence from only 
1 study and with a low quality of evidence, mainly due to in-
directness, from the others.  Conclusions:  This study has 5 
major strengths: it represents the first attempt to evaluate 
the efficacy and safety of fexofenadine in the treatment of 
AR by means of a meta-analysis of RCTs; there was consis-
tency between positive results in terms of efficacy in TSS and 
in individual symptoms; a large population was studied; 
there was an irrelevant interstudy heterogeneity, and the AE 
frequency was similar in both groups. All of these values en-
courage the recommendation of fexofenadine for AR. Fur-
ther research focused on the benefits and disadvantages for 
a pediatric population is needed. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis (AR) is an inflammatory disorder of 
the nose induced by allergen exposure. It is clinically 
characterized by 4 main symptoms: rhinorrhea, itching, 
sneezing, and nasal obstruction  [1] . A high percentage 
(42%) of patients with AR, typically patients with sea-
sonal pollinosis, also have symptoms of allergic conjunc-
tivitis  [2] . The immunopathology of AR recognizes a sen-
sitization phase in which allergens penetrating the epi-
thelial layer of the respiratory tract are processed by 
antigen-presenting cells and presented to histocompati-
bility complex molecules resulting in the development of 
specific T cell clones, followed by the production of aller-
gen-specific IgE from plasma cells. Any further contact 
with allergen leads to a fast IgE-mediated response char-
acterized by the degranulation of mast cells and basophils 
with a release of preformed and newly synthesized me-
diators which are able to provoke the typical symptoms 
of rhinitis within minutes. Histamine is the major me-
diator of the early-phase reaction; it stimulates sensory 
nerves, causing sneezing and itching, and it is responsible 
for vasodilation, plasma exudation, and the stimulation 
of mucous cells leading to rhinorrhea and nasal obstruc-
tion. A late-phase reaction occurs a few hours after aller-
gen exposure and is associated with cellular eosinophilic 

inflammation of the nasal mucosa and expression of en-
dothelial and epithelial adhesion molecules, chemokines, 
and cytokines  [3] .

  Traditionally, the disease has been classified as sea-
sonal, perennial, or occupational AR. Nevertheless, this 
approach was revised in the recent ARIA guidelines 
which focused more on patients’ symptoms than on the 
time of year in which they occur. This validated an every-
day practice classification which, on the basis of the chro-
nicity of symptoms, distinguishes intermittent AR ( ! 4 
days per week or  ! 4 weeks per year) from persistent AR 
( 1 4 days per week and  1 4 weeks per year)  [4] .

  Nasal symptoms are often trivialized but they can lead 
to a significant reduction in the quality of life (QoL) of 
patients and their families, with a negative impact on 
work productivity, school performance, and social activ-
ities. The total burden of this disease also lies in a finan-
cial strain which is made greater when considering the 
evidence that AR is a possible causal factor in comorbid 
diseases such as asthma and sinusitis; in this context, 
both direct (health care resource utilization and drug 
costs) and indirect costs (loss of productivity) should be 
considered  [5] . Nasal congestion, one of the most promi-
nent symptoms in AR, is associated with sleep-disor-
dered breathing, a condition that can have a profound 
effect on mental health, including increased psychiatric 
disorders  [6] . The prevalence of AR is estimated to be be-
tween 9 and 16% in the US and up to 28.9% worldwide 
 [7] . As AR represents a significant global health care 
problem, a thoughtful and rational approach to this dis-
ease is justified. Thus, multiple guidelines for the man-
agement of AR are now available and a stepwise approach 
is recommended by the ARIA/Ga2len collaboration  [8] .

  Antihistamines are commonly used as first-line treat-
ment for AR. They are particularly effective at relieving 
sneezing, itching, and watery rhinorrhea. First-genera-
tion antihistamines are no longer recommended because 
they show poor selectivity, and their use is limited be-
cause of their sedative, cardiovascular, and anticholin-
ergic effects. Second-generation antihistamines have a 
higher potency and a longer duration of action compared 
with first-generation drugs, with no or minimal side ef-
fects. The rapid onset of action and the duration of activ-
ity of up to 24 h allow once-daily administration  [9] . Sev-
eral studies have shown that these new antihistamines 
have anti-inflammatory properties, conferring a thera-
peutic advantage in the management of the disease  [10] . 
Many nonsedating antihistamines are clinically available 
and, in individual studies, they have shown their effec-
tiveness in the treatment of AR symptoms. Despite the 
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heterogeneous results seen across the class, the efficacy of 
these drugs against nasal congestion is still a matter of 
debate  [11] .

  Fexofenadine hydrochloride is a potent, selective, non-
sedating H1-receptor antagonist with proven efficacy in 
clinical symptom relief and in improving QoL in patients 
with AR and chronic idiopathic urticaria. This drug has 
also been shown to have a favorable effect on nasal con-
gestion  [12] . The results of head-to-head comparative tri-
als suggest that fexofenadine might offer distinct advan-
tages compared with some other antihistamines. Fex-
ofenadine has been shown to be more effective than 
loratadine  [13]  at relieving the individual symptoms of 
nasal congestion and itchy, watery, red eyes, and it has 
been shown to have an efficacy comparable to that of ce-
tirizine  [14, 15]  but with lesser side effects  [16] .

  Fexofenadine is highly selective for peripheral H1 re-
ceptors and does not cross the blood-brain barrier  [17] . In 
addition, fexofenadine does not interact with muscarinic 
receptors and is devoid of adverse cardiac effects  [18] . 
Fexofenadine is also well tolerated in children aged 2–5 
years with AR  [19] .

  Evidence-based medicine is a concept of increasing 
relevance as it represents the faculty of making medical 
choices uniformly on the basis of a critical approach of a 
certain validity focused on the strength of demonstrative 
proof  [20] . The current guidelines for AR are a collection 
of recommendations based on the principles of evidence-
based medicine. According to the classical criteria, sug-
gested by the method of Sheckelle et al.  [21]  for developing 
guidelines, conclusions from well-designed meta-analy-
ses and randomized controlled clinical trials represent 
the strongest proof (level I) for establishing the efficacy 
of an intervention. A meta-analysis is a statistical tech-
nique which combines the results of independent single 
studies, providing a quantitative estimation of the global 
effect of an intervention by using particular solutions 
aimed at reducing the potential biases and the effects of 
heterogeneity between the sources.

  In this review, we evaluated the efficacy of fexofena-
dine, compared to placebo, in reducing total and indi-
vidual symptom scores in patients with AR by means of 
a systematic review and meta-analysis of the available 
randomized, double-blind and placebo-controlled clini-
cal trials. A safety evaluation was performed as well. 
Since specific evidence needs to be provided to address 
recommendations in a pediatric population according to 
regulatory agencies, we attempted an estimation of the 
effect of benefits and disadvantages judging the quality 
of this evidence following the suggestions of the Allergic 

Rhinitis and its Impact of Asthma-Grading of Recom-
mendations Assessment, Development and Evaluation 
(ARIA-GRADE) Working Group  [22] . A review protocol 
was not registered.

  Methods 

 Search Strategy 
 We searched OVID, Medline, Embase, and the Web of Science 

up to December 31, 2007, for randomized, double-blind, placebo-
controlled clinical trials evaluating the efficacy of fexofenadine 
for the treatment of AR. The Medline search strategy retrieved 
citations containing the exploded subject heading fexofenadine 
(histamine-H1-antagonists, antiallergic agents, rhinitis, allergic, 
seasonal, and H1-antagonist nonsedating) or text words Telfast �  
or Allegra � , combined with exploded subject headings describing 
allergic disease (rhinitis, rhinoconjunctivitis, and hay fever), fo-
cused on the target population (humans). The search was con-
ducted up to December 2007. We limited citations using a maxi-
mally sensitive strategy  [23] . The same approach adapted to the 
specific databases was used for Embase and the Web of Science.

  Two authors used independent search strategies. We screened 
the reference lists from all retrieved articles and from recent re-
view articles to identify additional studies. The abstracts of rele-
vant meetings were also searched. An English language restric-
tion was adopted.

  Eligibility Criteria and Characteristics 
 Only fully published, parallel-group, double-blind, placebo-

controlled, randomized clinical trials (DBPC RCT) were includ-
ed. The study population had to have a history of AR with or 
without allergic asthma and/or conjunctivitis and IgE sensitiza-
tion proven by skin prick tests and/or specific IgE assays. All 
fexofenadine doses and treatment durations were considered. No 
restrictions in terms of disease duration were introduced. Post-
challenge (or similar) studies were excluded from this analysis. 
Crossover designs not directly comparing fexofenadine and pla-
cebo were excluded.

  The trial selection process was based on a first phase of title 
and abstract screening followed by a second phase of eligibility 
evaluation from the full text format. Both actions were performed 
by 2 investigators and checked by the principal investigator. The 
observed percentage agreement between the investigators for the 
assessment of inclusion was calculated using the  �  test  [23, 24] . 
Disagreements were resolved by discussion.

  Risk of Bias Assessment and Evaluation of Validity 
 The risk of bias and methodological quality were assessed in 

duplicate using the Cochrane Collaboration tool  [24] . We evalu-
ated the following 6 parameters: (a) sequence generation, (b) al-
location concealment, (c) blinding of caregivers, personnel and 
outcome assessors, (d) incomplete outcome data, (e) selective out-
come reporting, and (f) other sources of bias. We graded each 
parameter of trial quality: (A) low risk of bias, (B) unclear risk of 
bias, and (C) high risk of bias, and we conducted an overall assess-
ment for each controlled trial using the same 3 criteria  [24] . Inter-
rate agreement was calculated using the  �  statistic  [25, 26] . The 
quality of the evidence related to the estimation of benefits and 

D
ow

nl
oa

de
d 

by
: 

17
4.

12
9.

23
7.

15
7 

- 
4/

8/
20

14
 3

:3
4:

18
 A

M



 Compalati et al.    Int Arch Allergy Immunol 2011;156:1–154

disadvantages in a pediatric population followed the suggestions 
of the GRADE Working Group by adopting the use of GradePro 
software 3.2.2 

 Data Extraction 
 Data collection was performed via a data extraction template 

form.
  The outcomes measured were as follows: the primary outcome 

was the 12- or 24-hour reflective total symptom scores (TSS), the 
sum of sneezing, rhinorrhea, itchy nose/palate, and itchy/watery/
red eyes, excluding nasal congestion. The secondary outcomes 
were morning instantaneous TSS, reflective individual nasal 
symptom scores (rhinorrhea, sneezing, itching, and nasal ob-
struction), and the frequency of adverse events (AE). Variables 
such as peak inspiratory nasal flow, QoL, and inflammatory 
markers were assessed in some studies but were not included in 
this analysis because of the lack of sufficiently large patient popu-
lations. We conducted the analysis on an intention-to-treat popu-
lation  [24] . If more than 1 dose of fexofenadine was assessed, we 
selected the one considered more effective and safer by the au-
thors of the paper. When data were not available in certain papers, 
the authors were contacted directly by e-mail. If the results were 
only presented in graphs, these were digitalized and then con-
verted to numbers using the DigitizeIt 1.5.7 program (DigitizeIt 
2003; Bormann, Braunschweig, Germany)  [27] . Two independent 
reviewers (E.C. and M.P.) extracted data from the selected papers, 
reconciling differences by consensus.

  Data Synthesis and Heterogeneity Assessment 
 We analyzed the posttreatment mean and standard deviation 

(SD) values for both the fexofenadine and placebo groups. In the 
selected papers, different scoring systems were used to evaluate 
symptoms; consequently, we analyzed them with the standard-
ized mean differences (SMD)  [24, 28, 29] . Dichotomous outcomes 
were analyzed with odds ratios (adverse effects frequency)  [24, 28, 
30, 31] .

  Heterogeneity was assessed using Cochran’s Q statistic test 
and the I 2  test. When a nonsubstantial heterogeneity among the 
outcomes was found (I 2   !  50%), a fixed-effects model (FEM) was 
used. An FEM uses the inverse variance approach and it is as-
sumed that all studies come from a common population  [24, 29] ; 
for I 2   !  50%, a random-effects model (REM) was used. All results 
are reported with 95% confidence intervals (95% CI) and all p
values are 2-tailed. Details about the statistical methods used in 
this review were published previously  [32] . The analysis was per-
formed using the RevMan 5 program (The Cochrane Collabora-
tion, Oxford, UK)  [33] .

  Sensitivity Analysis and the Risk of Bias across Studies 
 A sensitivity analysis was planned to compare subsets of data 

in terms of different treatment durations, fexofenadine dosages, 
and data synthesis using both an FEM and an REM  [24] . A funnel 
plot analysis was planned to estimate the likelihood of bias in the 
meta-analysis.

  Results 

 Search Results 
 The primary search identified 2,152 records; 2,024 

were excluded after screening because they were dupli-
cates or not related to the topic, and 128 full-text articles 
were assessed for eligibility. Of these, 108 were excluded 
because they were reviews or pooled analyses, studies 
aimed at other purposes, had outcomes not valid for this 
review, were not placebo-controlled studies, had safety 
evaluations, were open or single-blind studies, or not ran-
domized studies. Twenty clinical trials on fexofenadine 
in the treatment of AR were potentially relevant ( fig. 1 ). 
Twelve comparative trials did not satisfy the inclusion 

Table 1. F eatures of the studies included in the meta-analysis

Reference S tudy quality
study
desi gn

conceal-
ment of
allocation

blinding quality
score1

dropout
rate, %

overall quality
assessment
(risk of bias)

intervention

Wahn et al. [46] 2 arms B B 3/5  3.7 medium FEX 30
Bronsky et al. [47] 4 arms B B 3/5  6 medium FEX 40/60/120
Casale et al. [48] 3 arms B B 3/5  1.2 medium FEX 180/120
Van Cauwenberge et al. [13] 3 arms B B 3/5  3.9 medium FEX 120
Bernstein et al. [49] 4 arms B B 3/5  9 medium FEX 60/120/240
Howarth et al. [50] 4 arms B B 3/5 14 medium FEX 120/180
Schapowal et al. [51] 3 arms B B 3/5  8.2 medium FEX 180
Berger et al. [52] 3 arms A A 5/5  3.4 low FEX 180

All studies were DBRPC and parallel. FEX = Fexofenadine; CZ = cetirizine; LO = loratadine; PL = placebo; b.i.d. = two times daily; 
o.d. = once daily. 1 Jadad score.
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criteria  [34–45] . Eight DBPC RCT satisfied the inclusion 
criteria, but data from 2 were not reported and could not 
be extracted from the manuscript; the attempt to obtain 
data directly from the authors failed as well, so graphics 
were digitized and the SD estimated using an imputation 
method. Finally, 8 trials were included in the meta-anal-
ysis. The  �  statistic for interrate agreement in terms of 
study eligibility was 0.85.

  Trial Characteristics 
  Table 1  outlines the characteristics of the studies and 

subjects included in the meta-analysis. Eight DBPC RCT 
including a total of 3,532 participants were assessed for 
the primary outcome and were included in this review 
 [13, 46–52] . All of the retrieved studies were performed to 
assess the efficacy and safety of fexofenadine in partici-
pants with seasonal AR (SAR). The participants’ range of 

2,024 excluded during screening
as duplicates or not related to the topic

Initial search:
2,152 records identified
through database
searching

128 records assessed in full text

20 potentially relevant DBRPC trials
on fexofenadine in AR

8 DBRPC trials on fexofenadine in
AR satisfied the inclusion criteria

108 excluded
Reasons for exclusion:
Review = 58

Other purposes = 16

Not clinical outcomes = 10

Not placebo controlled = 8

Safety = 6

Open studies = 4

Pharmacodynamics = 2

QoL = 2

Pooled analysis = 2

12 excluded
Reasons for exclusion:
Challenge exposition = 7

Incorrect allocation arms = 1

Atypical scale for symptoms = 1

Different outcomes = 2

Cross-over design = 1
  Fig. 1.  Search strategy and retrieved ar-
ticles. 

Study features  Subjects
control group active FEX

dose analyzed
in this review

median
duration
days

ITT analysis
(active/placebo)

population mean age (range)
years 

disease classifica-
tion as reported
by the author

PL 30 mg/b.i.d. 15 935 (464/471) children 8.881.6 (5–12) SAR
PL 120 mg/b.i.d. 14 589 (137/138) children and adults 34810 (12–65) SAR
PL 180 mg/o.d. 14 864 (282/292) children and adults 33812 (12–65) SAR
PL, LO 10 mg 120 mg/o.d. 14 688 (232/225) children and adults 30.9811.51 (12–75) SAR
PL 120 mg/b.i.d. 14 575 (144/141) children and adults 32810 (12–65) SAR
PL, CZ 10 mg 180 mg/o.d. 14 842 (202/201) children and adults 33 (13–66) SAR
PL, Butterbur Ze339 180 mg/o.d. 14 330 (113/107) adults 38.6814 (18–80) SAR
PL, desloratadine 5 mg 180 mg/o.d. 15 722 (288/244) children and adults 34.5814.09 (12–84) SAR
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age was 5–84 years. All but 1 study explored a mixed 
adult-pediatric population. The study by Wahn et al.  [46]  
included only children  [5–12] . Each trial included a me-
dian of 705 participants (range 330–935). All studies pro-
vided the study medication in the form of tablets. The 
median duration of treatment was 14 days. Reflective TSS 
were available in 8 studies (n = 3,532); 7 trials assessed 

instantaneous TSS (n = 2,600). Data on the individual 
nasal symptom scores were available in 7 studies (n = 
3,307).

  Methodological Quality of the Included Studies 
 All of the included trials were randomized, parallel 

group, double blind, and placebo controlled. All investi-

–2 –1
Favours treatment Favours control

0 1 2

a

Study or
subgroup

Fexofenadine Placebo Std. mean difference
IV, fixed, 95% CI

Std. mean difference
IV, fixed, 95% CI

mean SD total mean SD total weight, %

1.1.1 12-hour reflective TSS

Berger 6.26 2.37 260 7.03 2.37 126 9.8 –0.32 (–0.54, –0.11)
Bernstein 6.55 2.4 144 7.32 2.37 141 8.3 –0.32 (–0.56, –0.09)
Bronsky 6.5 2.11 137 7.45 2.11 138 7.9 –0.45 (–0.69, –0.21)
Schapowal 6.63 4.81 113 9.16 4.81 107 6.2 –0.52 (–0.79, –0.26)
Wahn 4.86 2.15 463 5.86 2.16 469 26.6 –0.46 (–0.59, –0.33)
Subtotal (95% CI) 1,117 981 58.8 –0.42 (–0.51, –0.34)
Heterogeneity: �2 = 2.50, d.f. = 4 (p = 0.65); I2 = 0%
Test for overall effect: Z = 9.51 (p < 0.00001)

1.1.2 24-hour reflective TSS

Casale 6.07 1.85 282 6.78 1.88 292 16.5 –0.38 (–0.55, –0.22)
Howarth 4.1 2.34 202 5.4 2.34 201 11.4 –0.55 (–0.75, –0.36)
Van Cauwenberge 4.56 2.56 232 5.42 2.81 225 13.2 –0.32 (–0.50, –0.14)
Subtotal (95% CI) 716 718 41.2 –0.41 (–0.51, –0.30)
Heterogeneity: �2 = 3.07, d.f. = 2 (p = 0.22); I2 = 35%
Test for overall effect: Z = 7.66 (p < 0.00001)

Total (95% CI) 1,833 1,699 100.0 –0.42 (–0.49, –0.35)
Heterogeneity: �2 = 5.62, d.f. = 7 (p = 0.58); I2 = 0%
Test for overall effect: Z = 12.21 (p < 0.00001)
Test for subgroup differences: �2 = 0.05, d.f. = 1 (p = 0.82); I2 = 0%

b

Study or
subgroup

Fexofenadine P lacebo Std. mean difference
IV, fixed, 95% CI

Std. mean difference
IV, fixed, 95% CI

mean SD total mean SD total weight, %

Berger 6.04 2.07 260 6.91 2.07 126 13.2 –0.42 (–0.63, –0.20)
Bernstein 6.81 2.28 144 7.36 2.37 141 11.2 –0.24 (–0.47, –0.00)
Bronsky 6.58 2.11 137 7.38 2 138 10.7 –0.39 (–0.63, –0.15)
Casale 6.33 1.85 282 6.74 1.88 292 22.6 –0.22 (–0.38, –0.06)
Howarth 4.2 2.34 202 4.6 2.34 201 15.9 –0.17 (–0.37, 0.03)
Schapowal 20.2 12.34 113 26.8 12.34 107 8.4 –0.53 (–0.80, –0.26)
Van Cauwenberge 4.46 2.71 232 5.06 2.73 225 18.0 –0.22 (–0.40, –0.04)

Total (95% CI) 1,370 1,230 100.0 –0.28 (–0.36, –0.21)
Heterogeneity: �2 = 8.06, d.f. = 6 (p = 0.23); I2 = 26%
Test for overall effect: Z = 7.15 (p < 0.00001)

–0.2 –0.1 0
Favours treatment Favours control

1 2

  Fig. 2.  Efficacy of fexofenadine in patients with AR compared to placebo (outcomes: a reflective TSS and b morn-
ing instantaneous TSS). 

D
ow

nl
oa

de
d 

by
: 

17
4.

12
9.

23
7.

15
7 

- 
4/

8/
20

14
 3

:3
4:

18
 A

M



 Systematic Review on the Efficacy of 
Fexofenadine in SAR 

Int Arch Allergy Immunol 2011;156:1–15 7

gators asked patients to provide their informed consent 
before enrolment. All trials reported dropouts and with-
drawals and analyzed patients who completed the trial; 
the dropout rate ranged from 1.2 to 14%. The overall as-
sessment for the risk of bias, obtained from the analysis of 
allocation concealment, attrition, and detection bias, re-
sulted in a medium level ( table 1 ). The score for interrate 
agreement on methodological quality scores was 0.80.

  Data Synthesis 
 Eight trials assessed the daily reflective TSS ( fig. 2 a). 

The 12-hour reflective TSS was evaluated in 5 studies  [46, 
47, 49, 51, 52]  and the 24-hour reflective TSS in 3  [13, 48, 
50] . Out of the 3,532 participants 1,833 received fexofena-
dine and 1,699 placebo. Fexofenadine-treated partici-
pants showed a significant reduction of TSS compared 
with those treated with placebo (SMD –0.42; 95% CI 
–0.49 to –0.35, p  !  0.00001). No substantial heterogeneity 
was found ( �  2  = 5.62; p = 0.58, I 2  = 0%). No significant 
differences were observed when both the 12- and 24-hour 
reflective TSS were compared ( fig. 3 ).

  Morning instantaneous TSS were available in 6 studies 
(1,370 participants treated with fexofenadine and 1,230 
with placebo). A significant reduction in these symptoms 
was found in subjects receiving fexofenadine (SMD –0.28; 
95% CI –0.36 to –0.21, p  !  0.00001). No substantial hetero-
geneity was found ( �  2  = 8.06; p = 0.23, I 2  = 0.26%) ( fig. 2 b).

  Data for individual nasal symptom scores were avail-
able in 7 studies (1,720 participants treated with fexofen-

adine and 1,587 with placebo). A significant reduction in 
the SMD for nasal stuffiness/congestion (SMD –0.17; 95% 
CI –0.24 to –0.10, p  !  0.00001), rhinorrhea (SMD –0.24; 
95% CI –0.31 to –0.17, p  !  0.00001), sneezing (SMD –0.37; 
95% CI –0.44 to –0.30, p  !  0.00001), and nasal itching 
(SMD –0.31; 95% CI –0.38 to –0.24, p  !  0.00001) was 
found in subjects who received fexofenadine. The hetero-
geneity was 0, 22, 15, and 5%, respectively ( fig. 4 ).

  Safety 
 With regard to AE, 8 trials reported the frequency of 

adverse reactions (patients: 1,874 fexofenadine/1,729 pla-

Table 2. R eported AE in the active and placebo treatment patients included in the safety evaluation

Reference N umber of patients reporting AE (active/placebo)

to tal patients most commonly reported specific AE

Wahn et al. [46] 85/88 Headache (23/13), epistaxis (7/5), upper respiratory infection (11/5), pharyngitis (6/1),
sinusitis (6/0), nausea (5/1), rash (5/3), accidental injury (4/6), asthma (3/9), infection (1/5),
gastrointestinal pain (1/5), and leukopenia (1/0)

Bronsky et al. [47] 18/18 Headache (3/4)

Casale et al. [48] 86/88 Upper respiratory infection (9/9), pharyngitis (6/9), and back pain (8/4)

Van Cauwenberge
et al. [13]

39/33 Headache (7/5), sedation (4/3), asthenia (1/1), pharyngitis (3/1), diarrhea (4/0), and nausea (1/3)

Bernstein et al. [49] 10/13 Headache (6/4), pharyngitis (1/2), dry mouth (0/2), cough (0/2), and leukopenia (1/1)

Howarth et al. [50] 50/53 Headache (8/15), asthenia (3/2), and drowsiness (14/7)

Schapowal et al. [51] 8/7 Headache (0/1), sedation (6/3), upper respiratory infection (1/2), sinusitis (1/2), and nausea (1/2)

Berger et al. [52] 52/19 Headache (11/2), sedation (3/0), nausea (3/0), and upper respiratory infection (3/1)

  Fig. 3.  Funnel plot for reflective TSS (comments in text). 
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Study or
subgroup

Fexofenadine P lacebo Std. mean difference
IV, fixed, 95% CI

Std. mean difference
IV, fixed, 95% CI

mean SD total mean SD total weight, %

1.3.1 Sneezing

Bronsky 1.49 0.58 137 1.76 0.58 138 2.1 –0.46 (–0.70, –0.22)
Casale 1.34 0.5 282 1.57 0.51 292 4.3 –0.45 (–0.62, –0.29)
Wahn 1.2 0.67 463 1.48 0.67 464 7.0 –0.42 (–0.55, –0.29)
Van Cauwenberge 1.14 0.75 232 1.45 0.78 225 3.5 –0.40 (–0.59, –0.22)
Bernstein 1.5 0.72 144 1.66 0.71 141 2.2 –0.22 (–0.46, 0.01)
Howarth 1 1.42 202 1.3 1.42 201 3.1 –0.21 (–0.41, –0.02)
Berger –0.49 0.58 260 –0.33 0.58 126 2.6 –0.28 (–0.49, –0.06)
Subtotal (95% CI) 1,720 1,587 24.8 –0.37 (–0.44, –0.30)
Heterogeneity: �2 = 7.06, d.f. = 6 (p = 0.32); I2 = 15%
Test for overall effect: Z = 10.42 (p < 0.00001)

1.3.2 Rhinorrhea

Bernstein 1.94 0.72 144 1.97 0.71 141 2.2 –0.04 (–0.27, 0.19)
Bronsky 1.98 0.58 137 2.06 0.58 138 2.1 –0.14 (–0.37, 0.10)
Casale 1.73 0.5 282 1.88 0.51 292 4.4 –0.30 (–0.46, –0.13)
Howarth 1.2 0.14 202 1.4 1.42 201 3.1 –0.20 (–0.39, –0.00)
Van Cauwenberge 1.28 0.78 232 1.57 0.78 225 3.5 –0.37 (–0.56, –0.19)
Wahn 1.4 0.69 463 1.6 0.69 464 7.1 –0.29 (–0.42, –0.16)
Berger –0.61 0.38 260 –0.56 0.38 126 2.6 –0.13 (–0.34, 0.08)
Subtotal (95% CI) 1,720 1,587 25.1 –0.24 (–0.31, –0.17)
Heterogeneity: �2 = 7.64, d.f. = 6 (p = 0.27); I2 = 22%
Test for overall effect: Z = 6.81 (p < 0.00001)

1.3.3 Nasal congestion

Bernstein 2.09 0.6 144 2.16 0.59 141 2.2 –0.12 (–0.35, 0.12)
Bronsky 2.08 0.58 137 2.17 0.58 138 2.1 –0.15 (–0.39, 0.08)
Casale 1.96 0.5 282 2.04 0.51 292 4.4 –0.16 (–0.32, 0.01)
Howarth 1.4 1.42 202 1.5 1.42 201 3.1 –0.07 (–0.27, 0.13)
Van Cauwenberge 1.44 0.74 232 1.66 0.68 225 3.5 –0.31 (–0.49, –0.12)
Wahn 1.6 0.64 463 1.71 0.63 464 7.2 –0.17 (–0.30, –0.04)
Berger –0.48 0.44 260 –0.4 0.44 126 2.6 –0.18 (–0.39, 0.03)
Subtotal (95% CI) 1,720 1,587 25.2 –0.17 (–0.24, –0.10)
Heterogeneity: �2 = 3.42, d.f. = 6 (p = 0.75); I2 = 0%
Test for overall effect: Z = 4.87 (p < 0.00001)

1.3.4 Nasal itching

Bernstein 1.59 0.72 144 1.76 0.71 141 2.2 –0.24 (–0.47, –0.00)
Bronsky 1.69 0.7 137 1.82 0.7 138 2.1 –0.19 (–0.42, 0.05)
Casale 1.51 0.5 282 1.69 0.51 292 4.4 –0.36 (–0.52, –0.19)
Howarth 1 0.14 202 1.4 1.42 201 3.1 –0.40 (–0.59, –0.20)
Van Cauwenberge 1.18 0.61 232 1.3 0.75 225 3.5 –0.18 (–0.36, 0.01)
Wahn 1.17 0.67 463 1.43 0.67 464 7.1 –0.39 (–0.52, –0.26)
Berger –0.67 0.63 260 –0.52 0.63 126 2.6 –0.24 (–0.45, –0.02)
Subtotal (95% CI) 1,720 1,587 25.0 –0.31 (–0.38, –0.24)
Heterogeneity: �2 = 6.34, d.f. = 6 (p = 0.39); I2 = 5%
Test for overall effect: Z = 8.71 (p < 0.00001)

Total (95% CI) 6,880 6,348 100.0 –0.27 (–0.31, –0.24)
Heterogeneity: �2 = 41.98, d.f. = 27 (p = 0.03); I2 = 36%
Test for overall effect: Z = 15.39 (p < 0.00001)
Test for subgroup differences: �2 = 17.51, d.f. = 3 (p = 0.0006), I2 = 82.9%

  Fig. 4.  Efficacy of fexofenadine in patients with AR compared to placebo (outcome: daily reflective individual 
nasal symptom scores). 
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cebo). The frequency of AE was similar in both groups 
(OR = 1.03; 95% CI 0.87–1.22, p = 0.75). There was no het-
erogeneity across the studies ( �  2  = 2.68; p = 0.91%,
I 2  = 0%) ( fig. 5 ). The relative incidence of reported AE, 
related or not related to drug consumption, is shown in 
 table 2 .

  Assessment of Benefits and Disadvantages in a 
Pediatric Subpopulation 
 The evidence of the benefits and disadvantages of us-

ing fexofenadine in children affected by SAR can be ex-
trapolated by the only study including exclusively kids by 
Wahn et al.  [46]  and by the indirect evidence of studies 
including a mixed population of adults and kids. Regard-
ing the first assumption, the estimations are based on a 
large sample size (464/471) where a relatively large effect 
for benefits and a low risk for disadvantages were demon-
strated at least for 12-hour reflective TSS, sneezing, and 
the AE rate. The quality of this evidence suggests a mod-
erate confidence. For other outcomes, this confidence is 
low due to the modest effects achieved together with the 
indirectness of the information from studies with a mixed 
population (see  table 3  for details).

  Sensitivity Analysis 
 Post hoc sensitivity analyses using a REM did not sub-

stantially change the overall significance for reflective 
TSS (SMD –0.42; 95% CI –0.49 to –0.35, p  !  0.00001) or 
instantaneous TSS (SMD –0.29; 95% CI –0.38 to –0.20,

p  !  0.00001). Similar results were obtained for individual 
symptoms using REM: sneezing (SMD –0.36; 95% CI 
–0.44 to –0.29, p  !  0.00001), rhinorrhea (SMD –0.23; 95% 
CI –0.31 to –0.15, p  !  0.00001), nasal congestion (SMD 
–0.17; 95% CI –0.24 to –0.10, p  !  0.00001), and nasal itch-
ing (SMD –0.31; 95% CI –0.38 to –0.23, p  !  0.00001). No 
comparisons of treatment duration were performed due 
to the limited number of studies included in the analysis. 
Because of the very low interstudy heterogeneity, no anal-
ysis could be performed by excluding outlying trial or 
subgroup analysis. The exclusion of studies whose data 
were estimated by an imputation method did not signifi-
cantly change the results of the analysis. Despite the fact 
that the funnel plots apparently did not show substantial 
asymmetry, the impact of a possible publication bias can-
not be excluded because, with a low number of studies 
included, the reliability of this kind of assessment is weak 
( fig. 3 )  [53] . On the other hand, the observation of a gap 
in the 2 bottom corners of the graphs, for all of the ex-
plored outcomes, may indicate unpublished small stud-
ies ( fig. 6 ). The measured overall estimates of effect were 
not substantially driven by small studies’ effects. No stud-
ies had markedly different intervention effect estimates 
(outliers) or were individually highly influential in the 
meta-analysis; this indicates the absence of fragility in 
the results.

0.01 0.1
Favours treatment Favours control

101 100

Study or
subgroup

Fexofenadine P lacebo Odds ratio
M-H, fixed, 95% CI

Odds ratio
M-H, fixed, 95% CI

events total events total weight, %  

Berger 52 288 19 144 8.1 1.45 (0.82, 2.56)
Bernstein 10 144 13 142 4.8 0.74 (0.31, 1.75)
Bronsky 18 137 18 138 6.1 1.01 (0.50, 2.03)
Casale 86 283 88 293 23.6 1.02 (0.71, 1.45)
Howarth 50 213 53 209 16.0 0.90 (0.58, 1.41)
Schapowal 8 113 7 107 2.6 1.09 (0.38, 3.11)
Van Cauwenberge 39 232 33 225 10.9 1.18 (0.71, 1.95)
Wahn 85 464 88 471 27.9 0.98 (0.70, 1.36)

Total (95% CI) 1,874 1,729 100.0 1.03 (0.87, 1.22)
Total events 348 319
Heterogeneity: �2 = 2.68, d.f. = 7 (p = 0.91); I2 = 0%
Test for overall effect: Z = 0.31 (p = 0.75)

  Fig. 5.  Frequency of reported AE in subjects treated with fexofenadine compared to placebo (outcome: AE fre-
quency). 
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  Discussion 

 For a number of reasons, the emphasis on evidence-
based medicine has become very important in recent 
years. The amount and complexity of biomedical infor-
mation have increased exponentially. On the other hand, 
the task of transposing research findings to clinical prac-
tice has become more and more difficult. The availability 
of valid, robust tools which can recognize clearly effective 
interventions worth applying is a real need. This reality 
goes hand in hand with the global reduction of economic 
resources and the increase in health care demand, which 
forces policy makers to ask for recommendations based 
on high-quality proof of evidence  [54, 55] . In this context, 
guidelines find their role. Guidelines are not a fixed mod-
el of reference for clinical practice but rather express the 
need for an approach where clinical decisions are the re-
sult of the integration of medical experience and the con-
scientious, explicit, and judicious use of the best scien-
tific evidence, without ignoring the patient’s viewpoint. 

This is the real meaning of evidence-based medicine  [56] . 
In the last 8 years, the GRADE Working Group, born as 
an informal collaboration of experts with an interest in 
addressing the shortcomings of the current grading sys-
tems in health care, has worked to develop a common, 
sensible, and transparent approach to grading the quality 
of evidence and the strength of recommendations  [57] . 
According to this model, systematic reviews of the effects 
of health care provide essential, but not sufficient, infor-
mation for making well-informed recommendations. 
There are a number of factors that one needs to consider 
when grading recommendations. One issue is the degree 
of confidence in the best estimates of the risk/benefit ra-
tio. The methodological quality of the evidence captures 
this degree of confidence. There are a number of factors 
that may influence the strength of a recommendation, 
such as study design, the consistency of results, the di-
rectness of evidence, and the likelihood of bias, because 
the quality of the evidence is directly related to the qual-
ity of the study  [58] .
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  Fig. 6.  Funnel plots for individual symptom scores (comments in the text).  a  Nasal congestion.  b  Nasal itching. 
 c  Rhinorrea.  d  Sneezing. 
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Table 3. G RADE profile for the quality of evidence related to the assessment in a pediatric population. Should fexofenadine be used 
for SAR in children?

Quality assessment Summary of findings Impor-
tance

number
of studies/
Ref. No.

design limitations inconsistency indirect-
ness

impre-
cision

other con-
siderations

number of patients effect quality

fexofen-
adine

control relative
(95% CI)

absolute

12-hour reflective TSS (range of scores 0–0; better is indicated by less)
4 [46, 47, 
49, 52]

random-
ized trial

no serious 
limitations

no serious
inconsistency

very 
serious1

no serious 
imprecision

strong
association2

0 0 – not pooled ����

moderate
critical

0 not pooled

24-hour reflective TSS (range of scores: 0–0; better is indicated by less)
3 [13, 48, 
50]

random-
ized trial

no serious 
limitations

no serious
inconsistency

serious3 serious4 none 0 0 – not pooled ����

low
critical

0 not pooled

Morning instantaneous symptoms scores (range of scores 0–0; better is indicated by less)
6 [13,
47–50, 52]

random-
ized trial

no serious 
limitations

no serious
inconsistency

serious5 serious4 none 0 0 – not pooled ����

low
impor-
tant

0 not pooled

Sneezing (range of scores 0–0; better is indicated by less)
7 [13,
46–50, 52]

random-
ized trial

no serious 
limitations

no serious
inconsistency

very
serious1

no serious 
imprecision

strong
association6

0 0 – not pooled ����

moderate
impor-
tant

0 not pooled

Rhinorrhea (range of scores 0–0; better is indicated by less)
7 [13,
46–50, 52]

random-
ized trial

no serious 
limitations

no serious
inconsistency

very
serious1

no serious 
imprecision

none 0 0 – not pooled ����

low
impor-
tant

0 not pooled

Nasal congestion (range of scores 0–0; better is indicated by less)
7 random-

ized trial
no serious 
limitations

no serious
inconsistency

very
serious1

no serious 
imprecision

none 0 0 – not pooled ����

low
impor-
tant

0 not pooled

Nasal itching (range of scores 0–0; better is indicated by less)
7 random-

ized trial
no serious 
limitations

no serious
inconsistency

very
serious1

no serious 
imprecision

none 0 0 – not pooled ����

low
impor-
tant

0 not pooled

AE rate
7 [13,
46–50, 52]

random-
ized trial

no serious 
limitations

no serious
inconsistency

very
serious7

no serious 
imprecision

strong
association8

0/0 (0%) 0/0 (0%) not 
pooled

not pooled ����

moderate
critical

0% not pooled

1 O nly 2 trials (Berger et al. [46] and Wahn et al. [52]) reported the 
number of kids included in the analysis and no separate results were given 
for the first. The significant effect size of the studies including a mixed 
population may address the indirect evidence of the efficacy of fexofena-
dine in children. 

2 In the study by Wahn et al. [46] on a population of 464 children in the 
active arm and 471 in the placebo arm, the OR of effect is calculated as 2.29. 

3 No explanation was provided. 
4 Since the number of kids included is not known, we assume that the 

number of events is lower than 300. 
5 None of the studies reported separate results or the number of children 

in the analysis. The significant effect size of the studies including a mixed 

population may address indirect evidence of efficacy of fexofenadine in 
children. 

6 In the study by Wahn et al. [46] on a population of 464 children in the 
active arm and 471 in the placebo arm, the OR of effect is calculated as 2.14. 

7 Only 2 trials reported the number of kids included in the analysis 
(Berger et al. [46] and Wahn et al. [52]) and no separate results were given for 
the first. The relative risk estimated in the studies including a mixed 
population may address the indirect evidence of the safety of fexofenadine in 
children. 

8 The OR very close to 1 found in the study by Wahn et al. [46], on a 
relatively large population, may suggest a very low probability of difference 
of risk for AE between active and placebo.
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  This meta-analysis assessed the efficacy of fexofena-
dine in the treatment of SAR, identifying a total of 8 ran-
domized, controlled trials that met the inclusion criteria. 
We confirm that the effects of this drug, previously seen 
in individual studies, are supported by this systematic re-
view.

  Fexofenadine showed an overall beneficial effect on 
the symptoms of SAR as measured by TSS and individu-
al nasal symptom scores. The consistency of these find-
ings reinforces the strength of the global evidence of clin-
ical efficacy although the size effect we calculated can be 
considered moderate according to the common Cohen’s 
scale  [59] .

  In this meta-analysis, studies using different doses of 
fexofenadine were included. We selected patient samples 
receiving the highest dose currently available commer-
cially in a single tablet (120 or 180 mg), but a post hoc 
analysis did not detect any differences in terms of the ef-
fect on TSS with respect to placebo when comparing 
studies administering 120 mg (or less) and more than 120 
mg daily ( fig. 7 ).

  We compared studies with a medium Jadad score (3/5) 
and with a medium risk of bias in the overall assessment, 

with no relevant differences in the intensity of the inter-
ventions or differences in the underlying risk between 
studies of different sizes. The absence of a description of 
the concealment of allocation and blinding procedures 
together with the power calculation represents the major 
deficiencies of the included RCTs. Moreover, in 2 trials 
data were extracted by graph digitalization and imputa-
tion.

  Attrition bias is an important aspect able to create un-
certainty in interpreting study results, but in this system-
atic review we found a dropout rate ranging from 1.2 to 
14%. Since we introduced language and electronic data-
base restrictions, it is possible that not all of the relevant 
studies have been included, thus making the small num-
ber of included trials a weak point. Nevertheless, Higgins 
et al.  [60]  showed that the number of existing Cochrane 
meta-analyses with more than 10 studies is currently low. 
On the other hand, the global population explored in this 
review is high (3,143 patients) and the individual size of 
the trials is high on average (in the smallest study, 204 
patients completed the study). With these conditions, 
therefore, the risk that small studies with an extreme out-
come influenced the overall results is very low.

Study or
subgroup

Fexofenadine  Placebo Std. mean difference
IV, fixed, 95% CI

Std. mean difference
IV, fixed, 95% CI

mean SD total mean SD total weight, %

1.5.1 >120 mg daily

Berger 6.26 2.37 260 7.03 2.37 126 9.8 –0.32 (–0.54, –0.11)
Bernstein 6.55 2.4 144 7.32 2.37 141 8.3 –0.32 (–0.56, –0.09)
Casale 6.07 1.85 282 6.78 1.88 292 16.5 –0.38 (–0.55, –0.22)
Howarth 4.1 2.34 202 5.4 2.34 201 11.4 –0.55 (–0.75, –0.36)
Schapowal 6.63 4.81 113 9.16 4.81 107 6.2 –0.52 (–0.79, –0.26)
Subtotal (95% CI) 1,001 867 52.3 –0.42 (–0.51, –0.32)
Heterogeneity: �2 = 3.99, d.f. = 4 (p = 0.41); I2 = 0%
Test for overall effect: Z = 8.77 (p < 0.00001)

1.5.2 120 mg or less daily

Bronsky 6.5 2.11 137 7.45 2.11 138 7.9 –0.45 (–0.69, –0.21)
Van Cauwenberge 4.56 2.56 232 5.42 2.81 225 13.2 –0.32 (–0.50, –0.14)
Wahn 4.86 2.15 463 5.86 2.16 469 26.6 –0.46 (–0.59, –0.33)
Subtotal (95% CI) 832 832 47.7 –0.42 (–0.52, –0.32)
Heterogeneity: �2 = 1.62, d.f. = 2 (p = 0.44); I2 = 0%
Test for overall effect: Z = 8.50 (p < 0.00001)

Total (95% CI) 1,833 1,699 100.0 –0.42 (–0.49, –0.35)
Heterogeneity: �2 = 5.62, d.f. = 7 (p = 0.58); I2 = 0%
Test for overall effect: Z = 12.21 (p < 0.00001)
Test for subgroup differences: �2 = 0.01, d.f. = 1 (p = 0.93), I2 = 0%

  Fig. 7.  Comparison between studies administering 120 mg (or less) and more than 120 mg daily of fexofenadine 
(outcome: reflective TSS).         
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  The only satisfactory way to address publication bias 
and the inadequacy of individual trials in a meta-analysis 
is through the prospective registration of all of the clini-
cal trials and through adherence to validated quality 
standards as proposed by recent recommendations of the 
World Allergy Organization  [61] . In this systematic re-
view, a very low interstudy heterogeneity was found and 
apparently a not small study effect (the tendency for the 
intervention effects estimated in smaller studies to differ 
from those estimated in larger studies due to their lower 
precision or methodological quality able to influence the 
results of a meta-analysis) was detected. Statistical het-
erogeneity, i.e. the variability in the treatment effects 
evaluated in the different trials, is a consequence of the 
clinical and/or methodological diversity among the stud-
ies. Clinical variation may lead to heterogeneity if the 
treatment effect is affected by the factors that vary across 
studies, such as the specific interventions or patient char-
acteristics. Substantial heterogeneity exists when I 2  ex-
ceeds 50%. In the present meta-analysis, the possible 
source of heterogeneity may be represented by the differ-
ent scoring systems used to evaluate the outcomes. For 
this reason, we utilized the SMD which is a robust mea-
sure, not dependent on the measurement scale, providing 
the effect size of the intervention in SD units.

  The analysis of the reported AE revealed no statisti-
cally significant differences between the active (fexofena-
dine) and placebo treatments. In the study by Wahn et al. 
 [46] , the frequency of treatment-emergent AE (TEAEs) 
was similar between the fexofenadine (85 of 464, 18.3%) 
and placebo (88 of 471, 18.7%) groups. Three children in 
the fexofenadine-treated group experienced TEAEs that 
led to withdrawal from the study, but these were not con-
sidered to be related to treatment (asthma, n = 1; upper 
respiratory infection, n = 1, and vomiting, n = 1); 1 child 
receiving fexofenadine experienced neutropenia, but fur-
ther investigation revealed this was related to a recent in-
fectious disease.

  In the study by Bronsky et al.  [47] , no statistically sig-
nificant changes in electrocardiographic parameters (PR, 
QT, QTc, QRS, or RR intervals) were observed with any 
dose of fexofenadine or with placebo treatment. In the 
study by Casale et al.  [48] , 2 patients discontinued treat-
ment due to an AE considered possibly related to treat-
ment (for upper respiratory tract infection and somno-
lence, respectively). No serious AE and no significant clin-
ical changes in heart rate or blood pressure were reported 
by Van Cauwenberge et al.  [13] ; the most frequent AE in 
that study, i.e. asthenia, diarrhea, nausea, headache, and 
sedation, were reported with equal frequency in the 2 

groups. Headache was the most frequent complaint in the 
study by Bernstein et al.  [49] , without significant differ-
ences between the active and placebo treatment groups; 
no changes in electrocardiographic parameters from 
baseline were found in this study. Howarth et al.  [50]  re-
ported headache in 7% of the participants receiving pla-
cebo and in 8% of the patients in the fexofenadine group. 
Drowsiness was reported by 3% of patients in both the 
fexofenadine and placebo groups; the incidence of fatigue 
was also comparable in the 2 groups, and clear differenc-
es in VAS-assessed somnolence across treatments were 
not found. The overall incidence of AE was similar for all 
treatment groups in the Schapowal et al.  [51]  trial, while 
in the study by Berger et al.  [52]  1 was superior in the ac-
tive treatment group where the most common events were 
headache, nausea, and somnolence. There were no signif-
icant differences in changes in clinical laboratory results 
and vital signs between the active and control groups in 
any of the studies included in this analysis.

  Summarizing these data, the overall incidence of AE 
was similar in the active and placebo treatment groups; 
the most commonly reported AE was headache. No sta-
tistically significant changes in electrocardiographic pa-
rameters or clinical heart scores related to any dose of 
fexofenadine were observed. The confirmed efficacy to-
gether with the absence of serious AE and the paucity of 
bothersome side effects should also impact patients’ per-
spective, although no preference analysis or patient-re-
ported outcome evaluations are currently available. These 
last 2 considerations should directly impact the risk/ben-
efit ratio in favor of fexofenadine treatment.

  Specifically concerning the evidence of benefits and 
disadvantages related to a pediatric population, our as-
sessment was very cautious as suggested by the GRADE 
Working Groups. This approach, in fact, gives great im-
portance to the degree of confidence in the estimations 
through a detailed analysis of the methodology of clinical 
trials and other factors related to the external validity of 
the results. Despite the fact that direct evidence comes 
only from 1 study, our conclusions are optimistic regard-
ing a favorable ratio of benefits to disadvantages using 
fexofenadine in children; we strongly believe that further 
research is likely to change the current estimations, most 
likely reinforcing them.

  In conclusion, following the aforementioned criteria 
for evaluating the degree of confidence in estimations, 
this study has 5 major strengths: it is the first attempt to 
evaluate the efficacy and safety of fexofenadine in AR by 
means of a meta-analysis; it shows consistency between 
positive results in TSS and individual symptoms; a large 
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